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CLAIMS 



[Claim(s)] 

[Claim 1] The surface acoustic wave biosensor characterized by being SH mode 
surface acoustic wave device, preparing an electric short circuit, electric 
disconnection, and a sample cell on the propagation side of SH-surface acoustic 
wave, and coming to fix an enzyme in this sample cell. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to a surface acoustic wave 
biosensor. In more detail, the formation of a small electron device is possible for 
this invention, and it relates to a surface acoustic wave sensor useful as a new 
biosensor. 
[0002] 

[Description of the Prior Art] Conventionally, in many fields, such as food, 
chemistry, medicine, and electronics, solution sensors, such as various electric 



conduction sensors of a configuration and magnitude or pH sensor, have been 
used. However, although they had played the role important as a measurement 
means of various kinds of fields, it was very difficult sensors in the conventional 
case to attain smaller device-ization, these solution sensors being equipped with 
a highly precise measurement function. 

[0003] For example, each thing used for measurement of various kinds of 
solutions as a pH sensor also used the glass electrode, and the use mode also 
had constraint naturally. For this reason, as various measurement means by 
which micro device-ization progresses by leaps and bounds, and a processing 
system of those, it was difficult to incorporate pH sensor of such a glass 
electrode as one, and it was set to one of the old big problems. 
[0004] On the other hand, the artificer of this invention is advancing examination 
about the surface acoustic wave device considered that the application to various 
kinds of sensors is possible, and solution sensors, such as an electric conduction 
sensor and PH sensor, have been realized as one of the application of that. 
However, in an old examination, the technique was not established about the 
new mode as a highly precise biosensor which enables even small detailed 
electron device-ization. 

[0005] Then, this invention also aims electron device-ization at offering a possible 
new surface acoustic wave biosensor from the situation as above, employing the 
description of a surface acoustic wave device efficiently. 
[0006] 

[Means for Solving the Problem] This invention is SH mode surface acoustic 
wave device which consists of a piezo electric crystal etc. as what solves the 
above-mentioned technical problem, prepares an electric short circuit, electric 
disconnection, and a sample cell on the propagation side of SH-surface acoustic 
wave, and offers the surface acoustic wave solution sensor characterized by 
coming to fix an enzyme in this sample cell. 

[0007] That is, this invention is a short circuit (Short) electrically about that 
propagation side as a SH mode surface acoustic wave sensor. Since it was 



found out that the wave other than mechanical effect receives a perturbation 
under electric effect when were carried out, and it was electrically made 
disconnection (Open) only under mechanical effect again, it is completed based 
on the knowledge of this latter. That is, when a propagation side is disconnection 
(Open), SH-SAW which spreads ** / liquid junction side will receive mechanical / 
electric perturbation with a load liquid. So, when carrying out the load of the 
same liquid on the propagation side of a short circuit and disconnection, 
mechanical effect will be negated on both sides and the output obtained will 
include only electric effect. For this reason, it becomes measurable with high 
degree of accuracy. 

[0008] The parameter with which the electrical characteristics of liquids, such as 
various kinds of solutions, are expressed in this invention although only the 
electric perturbation on the propagation side as above-mentioned is detectable is 
specific-inductive-capacity epsilonr. It is conductivity sigma. Then, complex 
permittivity epsilont It introduces and a definition is given as follows. 
[0009] 
[Equation 1] 

£ I E r £ o ~ j O / (O 

[0010] At the reference state in front of a perturbation, it is [001 1]. 
[Equation 2] 

Ei = e f c a (a^o) 

[0012] It is [0013], when it carries out and this receives a perturbation. 
[Equation 3] 

ei' , ' C-ja/to-eu' - J 

[0014] It becomes. The wave propagation rate which this produces, and the 
perturbation quantity of attenuation are given by the degree type. 
[0015] 



[Equation 4] 



AV _ /AV\ w 7 (cj,' -ci){c L ' + cp T ) + v 7 
V ~ \ Vo ) (SC + ur*(c L ' + ep*)» 

Act ^ / AV^X crtj(£ Cp T ) 

~~~\V 0 )isco 2 + w'(c L ' + *p' J 7 

[0016] Here, 1 (delta V/Vo) sc(s) are a short circuit (Short) at the time of a criteria 
liquid (for example, pure water) load, and the rate rate of change of 
disconnection (Open), and Vo is the velocity of propagation of disconnection 
(Open). Moreover, [0017] 
[Equation 5] 

[0018] **, the dielectric constant of the sample solution, [0019] 
[Equation 6] 

e i = e r E o 

[0020] It is the dielectric constant of ** and a criteria liquid. And [0021] 
[Equation 7] 

[0022] They are ** and the effective dielectric constant of a substrate. In the 
above relation, the rate rate of change as (deltaV/V) has the conductivity, pH, etc. 
and functionality as a physicochemical property of a solution. And physical 
properties, such as highly precise pH and conductivity, are detected from this 
rate change, the measurement result of the water of the solution with which pH 
actually differs using a SH-SAW sensor - the logarithm of the above-mentioned 
(deltaV/V) rate rate of change it is shown as linear relation as drawing 1 as an 



expression. This shows that a SH-SAW sensor can detect pH. This shows that 
this SH-SAW sensor is effective also in pH change and detection of the chemical 
reaction accompanying coincidence. 

[0023] So, in this invention, an enzyme is fixed on a sensor front face and a new 
biosensor is realized. Biotechnology sensing is made possible by pH change 
produced in enzyme substrate reaction time. And electron-device-izing is 
possible for this invention as a SH-surface acoustic wave device. 
[0024] Of course, there is especially no limitation about the configuration material 
of the sensor of this invention, immobilized enzyme, its fixed approach, and the 
target substrate system, and various kinds of things are used. Hereafter, an 
example is shown and the biosensor of this invention is explained in more detail. 
[0025] 

[Example] As illustrated to drawing 2 , it had the liquid sample eel and the device 
which performed electric short circuit and electric disconnection was used. 36- 
degree rotation Y cut X propagation LiTa03 Particle displacement is 
perpendicular to the propagation direction at the surface acoustic wave which 
spreads a top, and it has the mode (SH mode) parallel to a propagation side. 
[0026] The urease (urease) was used as an enzyme to fix and the urea (urea) 
was used as a substrate. A urea will generate ammonium ion and the 
bicarbonate, if decomposed by the enzyme. The approach of solid-phase-izing 
an enzyme used the technique over which the albumin (BSA) made from bovine 
blood and an enzyme are made to construct a bridge using the glutaraldehyde 
(GA) whose various **** is a proteinic cross linking agent here. 
[0027] The actually performed film creating method shall consist of the next 
actuation. 

1) Carry out spinner spreading (1500rpm, 30 seconds) of the 1wt% gamma 
aminopropyl triethoxysilane water solution after washing a substrate, and they 
are 5-minute heating (silanizing), a 25wt%GA water solution, a 20wt%urease 
water solution, and 28wt%BSA/50mM at 1 10 degrees C. A PIPES-NaOH water 
solution is mixed by 2:3:5, and it dries at a room temperature for spinner 



spreading (2000rpm, 50 seconds) and 3 2 hours. 

[0028] It measured by the phase contrast method shown in drawing 3 , using this 
enzyme fixed device as a sensor. The exciting frequency of an oscillator was set 
to 51.7MHz. a in drawing 2 shows a reference, and b shows the sensing port. 
The NaOH water solution was added to measurement using the HEPESU water 
solution which is a zwitterionic buffer, and it adjusted to pH=7.5. The conductivity 
of this buffer is 0.225 S/m. In measurement, into the buffer, the urea was melted 
and it considered as the substrate solution. Drawing 4 R> 4 shows the time 
response measurement result of a urea-urease reaction. An axis of ordinate is 
rate change, in measurement, 200microl dropping (1 in drawing) of the buffer 
solution was carried out first, and after being stabilized, 100microl was added for 
the urea solution of 42.4mM(s) (said - 2). It turns out that it will be in equilibrium 
in about 2 minutes so that more clearly than this drawing 4 (said 3:urea-urease 
reaction). The urea concentration in this case is 14.1mM(s). Next, the 
concentration of a urea solution was changed and same measurement was 
performed. Consequently, the calibration curve which shows the rate change to 
the urea solution concentration 1 minute after urea solution dropping like drawing 
5 was acquired. 

[0029] In the measurement result shown in drawing 5 , the rate change at the 
time of urea solution least concentration 0.27mM used for actual measurement 
was -0.758x10-4. 1 ppm rate change serves as limit of detection from the time 
delay temperature coefficient (TCD) of a device being about 1 ppm (measured 
value)/degree C. The urea solution of 3.03x1 0-3mM is presumed to be limit of 
detection from this value. In actual human being's blood, the urea of 3.3-6.7mM 
is usually contained, and if it becomes kidney disease and cardiopathy, this value 
will increase. So, detection of this SH-SAW biosensor is sufficiently attained. 
[0030] Of course, this invention is not limited by the above example. Further 
various kinds of modes are possible, and even when a sample is little, it is 
possible as an effective electron device. 
[0031] 



[Effect of the Invention] A highly precise and small biosensor is realized by the 
surface acoustic wave device as this invention explained in detail above. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is pH calibration line Fig. by the SH-SAW sensor. 
[Drawing 2] It is the top view which illustrated the sensor device of this invention. 
[Drawing 3] It is the block block diagram having shown the system of 
measurement by the phase contrast method. 

[Drawing 4] It is the time response Fig. of the urea-urease reaction as an 
example. 

[Drawing 5] It is the correlation diagram of urea concentration and velocity-of- 
propagation change. 
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DRAWINGS 



[Drawing 1] 
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[Drawing 2] 




[Drawing 3] 




[Drawing 4] 



2 




[Drawing 5] 



# * m St (mM> 
5 10 



15 



21 * 6 

-ioL 



[Translation done.] 



(19)B#E#iW? (JP) (12) ^ i ^ |f 1 (A) Ul)ttltti}a&m#9 

^m^e- 133759 



(43)£.B9B ¥$6^(1994) 5 17 B 



(51)Inta 8 




F I 




C 1 2M 1/00 


z 






G 0 1 N 27/327 








29/18 


8105-2 J 






33/62 


A 7055—2 J 








7235-2 J 


GO 1 N 


27/ 30 3 5 3 Z 






m&m* it #js<z>& i 4i) 


(21)fcttfl#^ 


^¥4-290560 


(71)tfcKA 


390014535 










(22)bBHB 


4^(1992)10^28 B 




m^S5W;fflE*EBBI 2TB 5 # 2^ 






(72)$&BS^ 


mm 








®mym&-fimt 2 -25-40 








-f VA303 






(72)3fcHB^ 










mmmmttim&ks -21-20 






(72)&9§:& 










&|S3mSM£rfj£iR 1 -22-12 








jR£s£4-24^ 






(74)ft31A 





(54) [JM04S*:] 5HKBHtt'«-f 



(57) mm 

lltt] SH-SAWf^-f^lc «fc -5 SUSS* /hSHb 

x, sH-sn±*ffi«.<oe«a;ffi±ica*6«)S»tfli5tt6<j 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 
pH 




(2) 



¥fffl¥-6 - 1 3 3 7 5 9 



im*m i ] s H^e- h'W&mm&T'U * -o*>o 
v 0 

[0 0 0 1 ] 
[0 0 0 2] 

lfe*<Dimt*:<DWkm\ «*J:0 % «:p a D. <b^, BE 

[0 0 0 3] fc^tll pHtyfiLt#aw»»0 
[0 0 0 4] #§(Otyt 

[0 0 0 5] :o«Wtt, ia±<a«»?a>*flj*>* 

e i " » £ r * C 9 * — j 



-f *4b t «Tlfi**fr Lv ^JWtfEBBtt^M ^-fe *:««■*- 
[0 0 0 6] 

H^-K#tt»r^^t^ot, SH-iWtSffi 

[0 0 0 7] wOlBMtt, SH*-KJWt* 

H**^*iLr*oe»lBt««ttk:«»(Short) 

tmwLft&®<Dmzm&ft&mic£^xmmw} 

(Open) co&£\ @/?{£#ffi£:e8M-5 SH-S A WttA 

[0 0 0 8] w(?55SWtc*3V>-Ctt, -biecoil "9 <£>fcj&® 
[0 0 0 9] 

mi] 

[0010] a»Bfrwamtti!i"ett, 

[0011] 
[*2] 

£ 1 = it # e <• C C7 — O > 

[0 0 12] fcU rn*s«»«:a»-6i:, 

[0 0 13] 

[f&3] 



[0014] tftsl r*uc<fc 0a-cattwfi*iMM3 [0015] 
i^KS^RSbftttSc^c-e^^ettSo *s [&4] 



Ay 

Aa 



(AV\ aui(g /-f> gp T ) 



[0016] rrr% (av/vo) isciisw 

(fc<h;itffcfc7k) «??f«?coS» (Short) % P^«c(0pen)co 



iEg^<fb^T\ VoJiBBa(Open)wef»i£ffiffeSo £ 



50 fc 



-2- 



(3) 

3 

[0 0 17] 

e u * «=- c r * e o 

[ 0 0 1 8 J 14, IWItfficDSg®;^ 
[0 0 1 9] 

[0 0 2 0] 12, lW©it$t?*>5 t *LT. 
[00 2 1] 
[?Bt7] 



[0 0 2 2] 14, a«0*S»R«*-e«>S 0 
fC*5^T, (AV/V) £ LTOiSffi«{b**±, 

«tt«0tttt*s*U£*L*. SWRi^ SH-SAWiry 

±E (AV/V) a«ae^b*^#»*Si: LTHKOii 
*)(Dmj&m&b L.x^£tiZ Q :ti(;J;oT, sh-s 

fc, r w S H - S AW-fe^t^t?*5 - i ut 

[0023] ^~-c% rco^p^T-ji, -z^-v-mmicmm 
&mfete\*xm^s<-j tt^v&n&Lx\t*z> 0 mm 30 

^ti:Ltv>6^r-fe5 0 La^brcD^te, SH- 

So 

[0 0 2 4] fc*>£A, % ^<D&W(D± ^(Dffij&mtt*? 

[0 0 2 5] 40 

tCo 3 6° 0SY«Xfi«BLiTaO3 

K (SH^-K) SrtLtv^. 
[0 0 2 6] Bi£<fc-ragMf<t LTttS*»»»3R(ure 
ase)&, SSi: LT^i (urea) v/ Ce ^f4g#ii?lc 



»H!¥6- 1 3 3 7 5 9 
A) Srffli\ ^ihSiTVu:/*:/ (BSA) t»*Sr5g1B 
[0 0 2 7] *RfctTofcHtft«ifcl4, 

1 ) &&£$cHM&, l w t %co 7 7;; rfu tvu hyx 

h^^>7^7k^?&£;* t 0 ^— (1 5 0 0 r pm, 
3 0#) U 1 10tT5 5)» (is^^&m) % 

2) 5 w t %GA7ki£r£, 2 0 w t %urease*^*5 < fc 
T/2 8w t%BSA/5 OmM PIPES-NaOH 
**§fi££2 : 3 : 5 t7l^LT^ t°t^if (2 0 0 0 

r pm, 5 0W , 

3) 2J»n*f^V9UKL 

[0028] ^<Dmm®7£ik*r'<'( x%±>vk Lxm 

(Ofi))Mffl&$fcte 5 1. 7 MH z t Lfc 0 m 2 ^(O a J4 U ' 
^r^V^^r, M4ir:x*>;/^;*f— h£^LTV> 

V\ NaOH^M^0x.tpH=7. 5 MIHgLfc 
:O/<y7 7O»t*li0. 2 2 5 S/mt^5 0 US 

4*4, i^T— tfKlto^W]j6«a!l£3B*«:^L 

7rmm&2 o on \ffiT (m*D u £3£u*:mic 

4 2.4 mM(DfcmmWi$: lOO/il 5rJD;ifc (|s] 
2) 0 r<oH4J:*)We>^ft«):5^ W 2 »-C5p«tt«8 

^<^^r^O^^^S*4l 4. lmMT'fc^o 

[0029] Ej5id^i-aij^^tc^v>T, mm<nmfe 

izm^^tzureami&Mci&m&O . 2 7 mM(Dtif<Dm&$cik 
J4-0. 7 5 8 xi0-<T'fcof: 0 * tf>i§j^B#P H 1 

2UHKK (TCD) dS»l ppm/t (»JJ£«) "C*>* 
C<tJ:«9, ippmOi$ftjCWs«tilR||ii45 0 rco 
ffi<fct>3. 0 3X1 0- 3 mM^ijgWW^^t 
^£*V<5 0 ^c7)Ar«1COifiLf^^fCf4ii^3. 3-6. 7 

COM^lt>(JD-r^) 0 -e^X^X., I<7)SH-SAW/W^-t 
V-»M4+»«ttlprffifc/i5 0 

[0 0 3 0] fc*>*>Ay, ^cO^P^f4, £X±<nM\Z.£^T 
[0 0 3 1 ] 

[Ell] SH-S AW-fey t(C J:5 p HttSJIiaffc 



-3- 



(4) 



#^¥6 - 1 3 3 7 5 9 



3p 

[0 3] fet@H&tcJ:5IiJ^^^Lfcyp ^^^El 



[12] 



[04] 



< 



10" 





it 


- * 

: i 


* 


■ \ 

r v 

» 

— 1 ■ • « 1 L- 


i 
• 

j — • — i — ■ — 1_ « 



P H 



[B3] 




o 

-2 

5- -4 
7 

-6 
-10 



[B5] 

# * * * <mM> 
° 5 . ,n 





-4- 



